Recent progress in identification and mapping of single nucleotide polymorphisms (SNPs) in the human genome generates an unprecedented opportunity to explore cause-effect relationships between genetic variations and susceptibility to common diseases. For this purpose, one promising strategy would be to select a set of SNPs that potentially alter the function of proteins 
Introduction
Recently, The International SNP Map Working Group had reported mapping of 1.42 million SNPs in the human genome, providing an average density of one SNP every 1.9 kilobases (6) . These polymorphisms constitute the major part of human DNA sequence variation, with the rest including insertion/deletion polymorphisms and repeat length polymorphisms. The high-density SNP map generates an unprecedented opportunity to identify those genes that determine the susceptibility to common diseases but that have been eluding conventional approach with linkage analysis and positional cloning. One promising strategy is to select a limited set of SNPs that (potentially) affect functions of the proteins that are involved in the biological processes deranged in the disease and examine the association of those SNPs with the disease (association study). In this respect, a subset of SNPs that are localized in the coding regions of candidate genes and cause changes in their deduced amino acid sequences (i.e., nsSNPs) are of particular interest, since they are easily identified and likely to affect the protein functions.
SNPs that affect gene regulation are also of interest, but they are difficult to identify given our limited knowledge of regulatory signals in DNA. Therefore, an information system that establishes connections between protein functions and nsSNPs would be useful in selecting target nsSNPs for association study.
In this study, we have extracted nsSNPs from public database and clas- Ontology was constructed under the goal to "produce a structured, precisely defined, common, controlled vocabulary for describing the roles of genes and gene products in any organism", and it enumerates molecular functions in a set of well-defined categories that are structured in a hierarchical manner.
We searched entries in the LocusLink database (3) that correspond to genes affected by individual nsSNPs, and from those entries followed the crossreferences to Gene Ontology categories, completing the link from nsSNPs to Gene Ontology. Each coding sequence of the genes affected by nsSNPs were compared Page 6 with sequences deposited in the Swiss-Prot database (release 39) (1). When exact match was encountered, annotations of the sequence data that appear in FT (feature table) lines in the database were examined whether they include the amino acids that are affected by nsSNPs.
Results and Discussion
There were 1,327,856 annotated variations in the draft human genome sequence. Approximately 10% (135,783 variations) of them were variations that had ambiguous mapping and another 1778 variations were insertion/deletion variations. Excluding these variations, there remained 1,190,295 SNPs, of which 11,368 were localized in coding regions (coding-region SNPs). In 4215 cases of coding-region SNPs, deduced amino acid sequences were ambiguous (for example, due to the existence of undetermined nucleotide residue), and in other 4 cases polymorphism included an ambiguous allele (denoted by nucleotide 'N'). These SNPs were excluded from the catalog. In the remaining 7149 coding-region SNPs, 3356 SNPs were synonymous (i.e., unchanging the amino acid sequence). Consequently, we identified 3793 nsSNPs. 3793 nsSNPs were distributed among 2162 genes, and we could find corresponding Swiss-Prot entries in 627 SNPs (in 347 genes). 495 Swiss-Prot sequence annotations included nsSNPs. The types of annotations along with the numbers of corresponding nsSNPs are listed in Table 1 . Admittedly, localization of nsSNPs in the annotations does not directly imply that these nsSNPs are critically involved in the function of these proteins, since many of the annotations specify a broad range of the sequence such as "cytoplasmic domain". However, we identified 2 nsSNPs in disulfide-binding sites and 38 nsSNPs in transmembrane regions. These nsSNPs can be regarded as more likely to affect protein function than other nsSNPs. Additionally, 73 and 84 nsSNPs were localized in locations annotated as "CONFLICT" and "VARI-ANT", respectively, suggesting that these nsSNPs are the underlying causes of 'conflicts' and 'variations' in these amino acid sequences.
2826 nsSNPs (distributed among 1506 genes) could be connected to 1247
Gene Ontology categories. Hierarchical lists of these categories, together with associated nsSNPs, were implemented in a set of HyperText Markup Language (HTML) pages that can be explored dynamically via World Wide Web browsers. As an example, we present in Fig. 1 an HTML page that shows a Gene Ontology category of peptide receptor. One can reach this page by browsing pages for higher level categories such as "signal transducer" and "transmembrane receptor". From Fig. 1 , it can be seen that angiotensin II receptor, which has an important role in sodium homeostasis and blood pressure regulation, has known nsSNPs. Following one more page (Fig. 2) that lists all the genes (type 1 and type 2 angiotensin II receptors) relevant to the category "angiotensin II receptor", one can reach a page that enumerates all nsSNPs located in (type 1) angiotensin II receptor (Fig. 3) . This page 
